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Borocarbide superconductors, which are thought to be conventional BCS-type superconductors, are not so 
conventional in several electronic Raman properties. Anisotropic gap-like features and finite scattering strength 
below the gap were observed for the i?Ni2B2C (R = Lu, Y) systems in our previous study.[ji| The effects of 
Co-doping on the 2A gap-like features and the finite scattering strength below and above the gap are studied in 
R — Lu (B = B 11 ) system. In superconducting states, Co-doping strongly suppresses the 2A peak in both B2 9 
and Bi s symmetries. Raman cross-section calculation which includes inelastic scattering shows a relatively good 
fit to the features above the 2A peak, while it does not fully account for the features below the peak. 



Some superconductors that are thought to be 
of the conventional BCS-type have unusual prop- 
erties. Especially, the borocarbides with the 
generic formula i?Ni2B2C (R — Y, rare earths) 
have shown rich physics.^ In this article, we 
further address the peculiar behavior of the 2A 
peak and the sub-gap features, reported in our 
earlier electronic Raman measurements Q|, in the 
LuCNii-aCoa^BaC (x = 0.0, 0.015, 0.03). 

The samples measured were single crystals 
grown by the flux-growth method j3j and charac- 
terized by temperature-dependence of resistivity 
and magnetization. Q Raman spectra were ob- 
tained using a custom-made subtractive triple- 
grating spectrometer designed for very small Ra- 
man shifts and ultra low intensities. 3 mW of 
6471 A Kr -ion laser light was focused onto a spot 
of 100 x 100 fim 2 , in a pseudo-backscattering ge- 
ometry. The temperature of the spot on the sam- 
ple surface was estimated to be ~7 K for the 
superconducting spectra. The spectra were cor- 
rected for the response of the spectrometer and 
the Bose factor. Thus they are proportional to 
the imaginary part of the Raman susceptibility. 

The 7 K Raman spectra in both geometries 
show 2A-like peak features. The intensity of the 
2A-like peak is stronger and sharper in B2 ff than 
in Bi g . They are strongly suppressed as pure 
LUNI2B2C is doped by Co on the Ni sites. The 



Co impurities are believed to be nonmagnetic, g 
The T — > peak positions of the 2A-like fea- 
ture, which were found to show BCS-type tem- 
perature dependence of the superconducting gap 
A(T), are 45 cm" 1 (B 2g ) and 48 cm" 1 (B lg ) 
for the undoped LuNi 2 B 2 C, which are much less 
anisotropic than the values in YNI2B2C (40 and 
49 cm -1 , respectively). |l|] The anisotropy of the 
peak positions (and thus the apparent gap values) 
seems to be lessened as Co-doping increases. The 
normal state responses (bottom spectra) show 
curvatures at around 35-50 cm -1 depending on 
the amount of Co-doping, which might be respon- 
sible for the apparent insensitivity of the 2A peak 
to the Co-doping in the superconducting state. 

A comparision of the data for different Co dop- 
ings to the theory for Raman scattering in dis- 
ordered conventional superconductors developed 
in Ref. || is presented in Fig. 1. The theory has 
been augmented to include electron-phonon and 
electron-paramagnon inelastic scattering |. The 
relevant fit parameters are the magnitude of gap 
A and the elastic scattering rate 1/tl for L = 
Bi 9 , B2g channels. Other parameters entering 
into the self energies (such as the DOS at the 
Fermi level, Debye energy, electron-phonon cou- 
pling, and the Stoner factor) are taken from Ref. 
@j. We used A = 20 cm" 1 for x = and 0.015 
and used A = 19 cm -1 for x = 0.03. The values 



Figure 1. Raman spectra in B2 ff (top) and 
Big (middle) from Lu(Nii_ a Co a; )2B2C (x = 0.0, 
0.015, 0.03) at 7 K. The bottom spectra are for 
B2 9 in the normal state (T ks 17 K), and sim- 
ilar spectra (not shown) were obtained for Bi g . 
Dotted (x=0), dot-dashed (x=0.015), and dashed 
lines (x=0.03) are fit to the theory for conven- 
tional superconductors. The x=0 (0.015) data in 
Big (at 7 K) and B2 9 (at 17 K) have been shifted 
by 30 (20) and 20 (10) units for clarity. 



